Monitoring sun protection and sunburn over time at the population level can provide valuable information about progress toward skin cancer prevention goals and inform future intervention efforts.
E ach year, nearly 5 million people are treated for skin cancer in the United States at a cost of approximately $8.1 billion, 1 and more than 9000 people in the United States die of melanoma. 2 In July 2014, the US Surgeon General released the Call to Action to Prevent Skin Cancer to increase awareness about and call for actions to reduce skin cancer risk at a population level. 3 Most skin cancer cases are caused at least in part by overexposure to UV radiation from the sun or indoor tanning devices. 4 Recommendations to reduce UV radiation exposure include using sun protection when outdoors and avoiding indoor tanning. 3 Tracking these behaviors at the population level can provide information about progress toward prevention goals. In addition, sunburn is often used as a biomarker of skin cancer risk, reflecting the skin's sun sensitivity and intensity of UV radiation exposure, and research indicates that sunburn at any age increases skin cancer risk. 5 The
Healthy People 2020 objectives include increasing the proportion of adults 18 years and older who follow protective measures that may reduce the risk of skin cancer (objective C-20.6) and reducing the proportion who report sunburn (objective C-20.2). 6 In this report, we provide the latest national estimates of sunburn and use of sun protection among US adults using the 2015 National Health Interview Survey (NHIS)-Cancer Control Supplement data. 7 We also describe associations among sunburn, sun protection, and demographic and behavioral characteristics.
Methods
The NHIS is an annual, cross-sectional household interview survey of a nationally representative sample of the US noninstitutionalized civilian population that collects demographic and health-related information. Sampling and interviewing are continuous throughout each year. Interviews are conducted in person, with follow-up by telephone when needed. Information is collected about the household and each household member. One adult 18 years or older in each family is randomly selected for additional detailed questions. More information about the sample design and data collection procedures is available online. 7 This study was exempt from review by the Centers for Disease Control and Prevention Human Subject Institutional Review Board because we used existing publicly available deidentified data. In 2015, the Cancer Control Supplement was included in the sample adult section of the NHIS. After the family interview, one adult was randomly selected from each family for additional questions. A total of 33 672 adults were interviewed for the sample adult section, with a final, unconditional response rate of 55.2%. 7 Our analyses included 31 162 respondents after excluding adults with a personal history of melanoma and those with unknown or missing responses to questions about sun protection or sunburn. Data were collected from throughout 2015. Data analysis was performed from August 16, 2016, to September 6, 2017.
Variables of Interest
Sun protection and sunburn were our main outcomes of interest. We examined the percentage of respondents who reported engaging in each of 5 sun protection behaviors (staying in the shade, wearing a wide-brimmed hat, wearing a longsleeved shirt, wearing pants or other clothing that reaches the ankles, and using sunscreen with a sun protection factor ≥15) always or most of the time (hereinafter, regular use). A small percentage of individuals responded to the sun protection questions by saying that they "don't go out in the sun." This response option was not explicitly provided to respondents but was volunteered by some and was coded as a third category (ie, final categories were yes, no, or don't go in the sun). We also created a dichotomous sun avoidance variable to capture those who regularly used shade or did not go in the sun and a dichotomous protective clothing variable to capture those who regularly used at least one form of protective clothing. To assess sunburn, respondents were asked, "During the past 12 months, how many times have you had a sunburn?" We recoded the responses into a dichotomous variable (0 vs ≥1 sunburns) and an ordinal variable (0, 1, 2, 3, or ≥4 sunburns).
We included the following demographic characteristics: sex, age, race/ethnicity, marital status, sexual orientation, educational level, health insurance status, US region, and foreignborn status. We also included 2 measures of sun sensitivity similar to measures used in previous research. 8, 9 The first question asked what would happen to the respondent's skin if, after several months of not being in the sun, the individual went out in the sun for an hour without sunscreen, a hat, or protective clothing (short exposure). The second question asked the respondent what would happen to their skin after being out in the sun repeatedly, such as every day for 2 weeks, without sunscreen, a hat, or protective clothing (repeated exposure). Sensitivity to repeated sun exposure was included as a covariate in the multivariable logistic regression models. Sensitivity to short sun exposure was used to identify and limit some analyses to individuals who experience sunburn after 1 hour unprotected in the sun (hereinafter, sun-sensitive individuals). In addition, we included the following behaviors and health conditions: indoor tanning device use, sunburn from indoor tanning device use in the past 12 months, use of sunless tanning products (products that provide a tanned appearance without exposure to UV radiation), receipt of a skin ex-
Key Points
Questions Among US adults, what is the prevalence of sun protection and sunburn, and what factors are associated with sunburn?
Findings In this cross-sectional study of 31 162 US adults, the prevalence of sunburn was highest among younger adults, non-Hispanic white individuals, and those with sun-sensitive skin but was also high among groups considered to have low skin cancer risk (eg, black and Hispanic individuals). Sun avoidance behaviors were associated with a lower likelihood and sunscreen use, sunless tanning, aerobic activity, binge drinking, and overweight/obesity with a greater likelihood of sunburn.
Meaning Although sunburn is more common among certain groups (eg, younger, sun-sensitive, and physically active adults), targeted prevention efforts are needed across all demographic groups.
amination, aerobic activity, binge drinking in the past 30 days, smoking status, being overweight or obese, family history of melanoma, and personal history of a cancer diagnosis.
Statistical Analysis
We calculated the percentage of adults engaging in each individual sun protection behavior always or most of the time, reporting sun avoidance, and using protective clothing overall by sex and among sun-sensitive individuals. We used unadjusted and adjusted analyses to estimate the percentage of adults who experienced sunburn in the past 12 months by demographic characteristics, health behaviors, and health conditions overall and among sun-sensitive individuals. We generated adjusted prevalence estimates (predictive margins) for sunburn using multivariable logistic regression models. 10 were included in the analyses. The most frequently used sun protection behaviors among US adults were staying in the shade (37.1%) and using sunscreen (31.5%), followed by wearing long clothing to the ankles (28.4%) ( Table 1) . Regular use of long-sleeved shirts (12.3%) and wide-brimmed hats (14.2%) was less prevalent. Shade and sunscreen use were also the most frequently used protective behaviors among women (43.1% used shade and 40.2% used sunscreen) and among sun-sensitive individuals (41.1% used shade and 42.9% used sunscreen). Wearing long clothing to the ankles (34.3%) and shade use (30.7%) were the most prevalent among men. Within the 3 sun protection strategy categories (sun avoidance, protective clothing, and sunscreen), sun avoidance was the most prevalent among women (49.3%) and protective clothing was the most prevalent among men (43.8%). Sunscreen use (42.9%) and sun avoidance (42.3%) were the most prevalent strategies among sun-sensitive individuals. A total of 34.2% of adults experienced sunburn in 2015, with 16.3% experiencing 1 sunburn, 9.9% experiencing 2 sunburns, 3.4% experiencing 3 sunburns, and 4.6% experiencing 4 or more sunburns ( Table 1) . The distribution was similar among men and women. Among sun-sensitive individuals, 50.2% experienced sunburn. Sunburn decreased with increasing age (51.2% of adults 18-29 years old [95% CI, 48.8%-53.7%] vs 14.8% of adults ≥66 years old [95% CI, 13.2%-16.5%]; P < .001) and varied across racial/ethnic groups, with non-Hispanic white individuals (42.5%; 95% CI, 41.2%-43.9%; P < .001) being more likely to experience sunburn compared with other racial/ethnic groups ( . Adults born in the United States were more likely to experience sunburn (38.2%) compared with those who had resided in the United States for less than 10 years (22.8%; P < .001) and foreign-born individuals who had resided in the United States for 10 or more years (29.6%; P < .001). These patterns were similar when limiting the analyses to sun-sensitive individuals.
Several behaviors were significantly associated with sunburn, including use of self-applied sunless tanning products (45.0% among users vs 36.1%among nonusers; P < .001), aerobic activity (37.9% among those who engaged in aerobic activity vs 32.8% among those who did not; P < .001), binge drinking in the past 30 days (45.1% among binge drinkers vs 35.0% among those who did not binge drink; P < .001), and overweight or obesity (37.9% among those who were overweight or obese vs 34.4% among those who were not; P < .001). We observed these same patterns when we limited the analyses to sun-sensitive individuals.
Adults who regularly used sun avoidance strategies were less likely to experience sunburn (34.7%) compared with those who did not regularly use sun avoidance strategies (37.7%; P < .001), but the absolute difference between the groups was small. The same pattern was observed when the analyses were limited to sun-sensitive individuals. Regular sunscreen users were more likely to experience sunburn (39.5%) compared with those who did not regularly use sunscreen (35.1%; P < .001), with a smaller absolute difference between groups when limited to sun-sensitive individuals (52.2% vs 50.7%; P = .02). Wearing protective clothing (36.3%; 95% CI, 34.8%-37.8%; P = .55) and indoor tanning (39.6%; 95% CI, 35.8%-43.5%; P = .11) were not statistically significant in the adjusted models. Of the individuals who tanned indoors who had experienced sunburn in the past 12 months, 10.0% (95% CI, 7.1%-13.9%) experienced a sunburn from indoor tanning.
Discussion
These results provide an overview of the latest national data on sun protection behaviors and sunburn among US adults. Shade and sunscreen use were the most prevalent protective behaviors among women; long clothing to the ankles and shade were the most prevalent among men. Use of wide-brimmed hats and long-sleeved shirts was low among men and women. Nearly half of women regularly used sun avoidance strategies (mostly staying in the shade), whereas men more frequently used protective clothing. Future interventions could be designed to account for these differences while taking other social influences, such as fashion trends, into account. of skin cancer within that demographic group. However, a focus on sun sensitivity is more informative given the increasing racial and ethnic diversity within the US population. Shade and sunscreen use were the only protective behaviors for which prevalence was higher among sun-sensitive individuals than among all adults. Such differences were not observed for protective clothing, suggesting that the factors that drive clothing choices may be different from those that influence shade and sunscreen use. Sunburn is common among US adults, especially among younger adults and those with sun-sensitive skin, indicating a need for prevention efforts that target these high-risk groups.
However, adults of all ages could benefit from sun safety interventions. For example, approximately 14% of adults 65 years and older experience sunburn each year, which has important public health implications. Older adults grew up with different social norms related to sun exposure (potentially resulting in greater total lifetime sun exposure) and are rarely targeted by sun safety interventions. 15 In addition, sun safety efforts are needed across racial and ethnic groups. For example, approximately 13% of nonHispanic black individuals, a group generally thought to be at low risk, and nearly 30% of Hispanic individuals (an increasing segment of the US population 16 ) experienced sunburn. was associated with a higher likelihood of sunburn. Non-Hispanic white individuals are not the only demographic group who could benefit from sun safety support, and a comprehensive approach to skin cancer prevention will necessitate considering the increasing racial and ethnic diversity 18 of the United States and developing messages that are salient to the various demographic groups. In general, the association between use of sun protection and sunburn prevalence was weak or nonexistent. The small absolute differences in the prevalence of sunburn among those who routinely used sun protection compared with those who did not may be related in part to inconsistencies in the use of these strategies over time and the limited amount of information provided by the survey questions used. The gaps in our understanding about the context in which sunburn occurs point to areas in which future research is warranted to determine how public health efforts can promote and support meaningful and adequate use of sun protection.
Use of sun avoidance strategies (seeking shade or not going in the sun) was associated with a slight reduction in the likelihood of sunburn. Shade allows users to enjoy time outdoors while reducing total UV radiation exposure and providing relief from solar heat. Strategic shade placement in outdoor spaces is an effective way to promote sun safety in communities. 19 Given the benefits of time spent outdoors, complete sun avoidance is not a desired recommendation. 3 However, rescheduling outdoor activities to avoid midday exposure when the sun's rays are most intense allows individuals to enjoy time outdoors while minimizing UV radiation exposure. Combining shade use with other sun protection strategies may help to ensure adequate protection when outdoors for extended periods.
20
Consistent with a prior report, 21 sunscreen use was associated with a higher likelihood of sunburn. Compelling findings from previous studies indicate the potential for sunscreen to reduce the risk of melanoma, 22 squamous cell carcinoma, 23-25 and photoaging of the skin 26 when used as directed. In real-world settings, sunscreen users might not always follow the directions on the label, apply sufficient amounts, or reapply sunscreen often enough, all of which can reduce the protective benefits. 27, 28 Sunscreen is intended to be used in combination with other forms of sun protection, 29 and those relying solely on sunscreen for sun safety may have a false sense of protection 27 or may use it on some but not all sun-exposed skin. 28, 30 Research indicates that when sun exposure is intentional, sunscreen use leads to longer duration of exposure. 31 Those seeking a tanned appearance may use sunscreen in an attempt to develop a tan without burning and, as such, will likely require alternative intervention approaches beyond education alone. We did not find an association between use of protective clothing and sunburn. The level of UV protection provided by clothing depends on many factors, including the color, material, and weave of the fabric, and the current NHIS data lacked details on clothing type and the amount of skin that was still exposed to the sun. Typical attire worn outdoors in warm weather often leaves some skin exposed to the sun, thus necessitating the use of additional sun protection strategies, such as seeking shade or using sunscreen. This is the first US study, to our knowledge, to examine the association between use of sunless tanning products and sunburn at the national level. Use of self-applied sunless tanning products was associated with sunburn, a finding that is likely related to increased sun-seeking behaviors and possibly misconceptions about the protection conferred by sunless tanning products. Although some have promoted sunless tanning as a harm reduction strategy, 32 this approach does not address underlying social norms that promote excessive UV exposure for appearance reasons and may give a false sense of protection against sun exposure. Findings from a study 33 in Australia suggest that different intervention approaches may be needed for the different types of tanners (eg, those who use sunless tanning products compared with those who seek a suntan outdoors). Physical activity was also associated with sunburn. This finding may be related to greater total sun exposure among the physically active and the challenges of maintaining adequate sun protection when being active outdoors, although the physical activity measure was not limited to outdoor activity. 34 Messages about sun safety and physical activity could encourage individuals to schedule outdoor activities at times when UV radiation from the sun is less intense. Sports and recreation organizations and employers of outdoor workers could also implement a variety of sun-safe policies and provide shade to complement individual-directed sun safety messages.
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Binge drinking was also associated with a higher prevalence of sunburn, a finding that is consistent with previous reports, 36,37 and may be indicative of the general tendency of risky behaviors to cluster and possibly the social contexts in which sunburn sometimes occurs. More research on the social contexts associated with these behaviors could be informative to future prevention interventions. This finding is also notable given the current US Preventive Services Task Force recommendations for alcohol misuse screening and brief behavioral counseling interventions, 38 as well as recommendations for behavioral counseling on skin cancer prevention for fair-skinned patients aged 10 to 24 years. 39 There may be opportunities for clinicians to address both behaviors with patients when appropriate.
Limitations
This study has several limitations. The data are based on selfreported information, which is subject to bias. The large sample size warrants caution when interpreting statistically significant results with small absolute differences among categories. Given the cross-sectional nature of the survey, we cannot make inferences about causality. In addition, we do not know the exact context in which the sun protection behaviors were used or the sunburns occurred and cannot draw conclusions regarding sunburn causation. We also do not know how the sun protection behaviors were used or whether individuals who report regular use of multiple sun protection behaviors typically use those strategies together or use them separately in different contexts.
Conclusions
Sunburn is common among US adults. Use of sun protection is low and not uniformly associated with lower rates of sunburn. The lack of a strong association between sunburn and use of sun protection highlights remaining gaps in our understanding of the contexts that lead to sunburn and points to potential areas for future research. Young, non-Hispanic white individuals may be at greatest risk for sunburn. However, the prevalence of sunburn within other racial and ethnic groups suggests a need to consider sun sensitivity when identifying the target audiences for sun safety interventions. The intervention approaches for those engaging in intentional tanning behaviors (eg, indoor tanning and sunless tanning) will likely need to address the motivations, social norms, and barriers experienced by these groups. Others may benefit from information about how to ensure they are adequately and consistently protected when spending time outdoors. Policy and environmental changes (eg, shade provision) that facilitate sun safety may help to address some of the challenges of individual behavior change and possibly influence social norms over time.
